Purpose: The present study aimed to investigate the association between the human VDR gene and Helicobacter pylori infection. Patients and methods: A cross-sectional study was conducted on 208 adult patients with upper gastrointestinal symptoms. Gastric biopsy specimens were obtained from each patient for molecular DNA and histological examination. Patients were genotyped for VDR gene polymorphisms using polymerase chain reaction and restriction fragment length polymorphism analysis. 
Introduction
Helicobacter pylori is a spiral-shaped Gram-negative bacterium that, despite the adverse conditions in the human stomach, shows many mechanisms and specific virulence factors that affect the properties of the gastric mucosa and determine its adhesion and survival in such an environment. 1 Long-term colonization by H. pylori, with a posterior chronic gastritis induction, depends on the strains living in the gastric mucosa and how they interact with the host's immune system. 2 Moreover, human genetic polymorphisms also partly contribute to the susceptibility and clinical evolution of the infection. They can produce different expression levels of immune system mediators related to infection rates, H. pylori eradication, colonization by more virulent strains, gastric inflammation enhancement and cell damage.
properties against this pathogen, via stimulation of cathelicidin antimicrobial peptides and decreasing inflammatory cytokine and chemokine levels. 4 The gene responsible for VDR expression is located on the 12q13.11 chromosome and comprises a region of >60 kb of DNA. 5 From the single nucleotide polymorphisms (SNPs) of this gene that have been described so far, the restriction fragment length polymorphism (RFLP) for FokI, BsmI, ApaI and TaqI restriction enzymes is currently used in studies of genetic susceptibility to infectious diseases. [6] [7] [8] Of these variants, the FokI polymorphism (rs2228570; C>T), characterized by the substitution of thymine to cytosine (ATG to ACG), changes the protein structure of the VDR receptor, which in the presence of the mutant allele C or F produces a protein with 424 amino acids instead of 427 amino acids. 10 In contrast to the FokI variant, the TaqI polymorphism (rs731236; T>C) does not alter the amino acid composition of the resulting protein when thymine is changed to cytosine (ATT to ATC). The remaining polymorphisms are located in the noncoding regions of the VDR gene, and guanine is changed to adenine (GCG to GCA) in the BsmI polymorphism (rs1544410; G>A) and cytosine is changed to adenine in the ApaI polymorphism (rs7975232, A>C). 9 Even though findings are inconclusive regarding the exact role of these VDR gene variants, studies suggest effects of the FokI, located in exon 2, on VDR functionality and transcriptional activity of immune-specific transcription factors. 10, 11 It is also hypothesized that possible alterations in mRNA expression levels of the VDR gene are attributed to a 3′ untranslated region (3′-UTR), 12 which includes the genetic variants observed in intron 8 of BsmI and ApaI sites and in exon 9 of the TaqI restriction enzyme. 13 In this regard, this study aimed to investigate the link between VDR gene polymorphism in H. pylori-infected patients with gastric symptomatology. The study was used as a basis for comparing the distribution of genic frequencies of VDR gene polymorphisms described in a Brazilian population 14 with that identified in the ethnic groups of the International HapMap Project.
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Patients and methods
Study population
A cross-sectional study was conducted with 208 outpatients (126 females and 82 males) aged 18 years or older (mean age ± standard deviation 53.04±15.20 years) who underwent an upper gastrointestinal endoscopy between April 2011 to March 2012 at the University Hospital João de Barros Barreto (HUJBB), Belém, Para, Brazil.
After previous evaluations due to the presence of symptoms in the upper gastrointestinal tract, patients who showed dyspeptic disorders and who were subsequently diagnosed with chronic gastritis were considered for the study. Subjects who reported to have received anti-Helicobacter therapy within the last 6 months, used a proton pump inhibitor within the last 30 days, were pregnant, abused alcohol, used illicit drugs, or had an HIV infection were excluded.
Biological samples, epidemiological data and written informal consent were obtained from all patients in this study. All procedures performed in the study were approved by the Ethics Committee for Research Involving Human Subjects of HUJBB (protocol no. 1820/2010).
Description and laboratory evaluation
In total, two gastric antral biopsy specimens were taken from each patient. One fragment was fixed in 10% formalin and stained with hematoxylin-eosin for histological examination according to the Updated Sydney System. 16 The other biopsy specimen was immersed in a saline solution (0.9%) ready for genomic DNA extraction using the phenol-chloroform method. 17 A polymerase chain reaction (PCR) assay to detect H. pylori in gastric biopsy specimens was performed using gene-specific primers (P1 and P2) that amplified a 298 bp fragment present in all H. pylori strains. 18 Expressions of cagA and vacA virulence genes were determined by multiplex PCR using a protocol adapted from the study of Chattopadhyay et al. 19 VDR gene polymorphism genotyping was performed via PCR-RFLP using forward and reverse primers, DNA fragments, molecular size of PCR products and restriction endonucleases, as described previously. 20 PCR products were prepared in a 25 μL reaction mixture containing 1 μL genomic DNA, 2.5 mM dNTP, 0.5 μL Taq DNA polymerase, 2.5 μL of a 10× buffer, 1.5 mM MgCl 2 and 2.4 mM of each primer. Figure 1 shows the cleavage patterns of the DNA fragments using a previously described technique. The genotype representation was denoted according to the presence (lower letter) or absence (capital letter) of the restriction site.
HapMap data
Allelic and haplotypic frequency comparisons of VDR polymorphisms based on individual ancestry were obtained from the HapMap database 15 
Statistical analysis
Genotypic and allelic frequencies were compared between the H. pylori-negative and -positive groups using the MantelHaenszel chi-square test with an adjusted odds ratio (OR) for the covariates of sex and age. Hardy-Weinberg equilibrium (HWE) was also determined to the genotype frequencies of VDR polymorphisms. The variation in genotype proportions and a histopathological analysis of the BsmI polymorphism in the groups studied were compared by a binomial test. All analyses were performed using the statistical software program BioEstat 5.0 21 with a 5% level of statistical significance. Pairwise linkage disequilibrium (LD) between VDR polymorphisms was computed using Haploview program v.4.2. 22 Online SHEsi software was used to calculate the haplotype frequencies, 23 and genetic distances were estimated for each population pair by Wright's F statistics (F ST ) using Arlequin v. 3.01.
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Results
Of the 208 patients enrolled in the present study, the mean age at which H. pylori was diagnosed as positive was 51.38±15.22 years, while the mean age of the H. pylorinegative group was 55.18±14.98 years. Overall, 60.58% (126/208) of patients were females and 90.86% (189/208) were categorized as negroids (those with brown or black skin).
H. pylori infection was detected in 56.25% (117/208) of patients with upper gastrointestinal symptoms, 72.65% (85/117) of whom were colonized by CagA+/VacA s1m1 virulent strains. In relation to demographic and epidemiological aspects that may be considered a risk factor for H. pylori infection, no significant differences were observed between 
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Martins et al H. pylori-negative and H. pylori-positive groups in terms of sex, age, comorbidities and lifestyle (smoking, alcohol use and consumption of fruits). It should be emphasized that in relation to ancestral family history based on their self-reported ethnicity, a similar distribution was observed between the study groups relative to the ethnic groups of African, European and Native American origin.
Analysis of allelic and genotypic distributions of the FokI, ApaI and TaqI polymorphisms in the VDR gene (Table 1) showed that there were no statistically significant differences between H. pylori-infected and -uninfected patients. However, concerning the BsmI polymorphism, the frequency of the bb genotype was higher in H. pylori-positive patients compared with those without an H. pylori infection (63.25% versus 50.55%, respectively). Conversely, the Bb genotype was more common in the H. pylori-negative group than in the H. pylori-positive group (37.26% versus 17.09%, respectively), and an OR of 0.28 suggests a protective effect of this genotype. No significant sex difference in genotypic distribution was found for polymorphism in the VDR gene.
Additionally, the chi-square test of homogeneity revealed that the allelic frequencies of BsmI did not differ significantly between the H. pylori-negative and -positive groups and the b allele was the most prevalent in both samples, showing that these groups were extracted from the same population.
A significant deviation by HWE was found only in the genotypic distribution of the BsmI SNP identified in the H. pylori-positive group (c 2 =29.048, p<0.001). In this sense, the Figure 2 indicate a very strong significant difference in the distribution of genotype frequencies of BsmI SNP between patients infected by virulent strains and those infected by non-virulent strains or uninfected patients. The frequency of the BB+Bb genotype was elevated in H. pylori-negative patients infected by non-virulent H. pylori strains. In contrast, the bb genotype was more prevalent in patients infected by virulent H. pylori strains.
As shown in Table 2 , infection with virulent H. pylori strains and a high degree of neutrophil activity in the gastric mucosa were less frequently observed in patients with the bb genotype compared with subjects carrying the BB/ Bb genotype, while no significant difference was observed among patients in the H. pylori-negative group and among those infected with non-virulent strains of H. pylori.
The 3′-UTR VDR SNPs (BsmI, ApaI and TaqI) did not exhibit significant LD with each other. No LD was also observed between FokI and other polymorphisms tested. Table 3 shows the allelic and haplotypic frequencies of VDR polymorphisms in infected and noninfected H. pylori patients in relation to data from the literature for the Brazilian population 14 and HapMap population. 15 Comparative analysis revealed differences in the allelic distribution of FokI polymorphism estimated according to relative populations from Europe and Africa. Indeed, the F allele of the FokI polymorphism was more common in the African group than in the Belém population. Similarly, differences were observed in the allelic frequencies of the 3′-UTR VDR polymorphisms (BsmI, ApaI and TaqI). The Belém population was genetically more distant from the Asian groups than the European and African populations, but the allelic frequencies of TaqI polymorphism in the studied population were distinguished from the Brazilian population. Table 4 summarizes the results of this comparative analysis among different interpopulation pairs, based on the frequencies of the four SNPs of the VDR gene. In general, 
Discussion
In the present study, a significant difference in genotypic distribution of the SNP BsmI between H. pylori-positive and -negative samples was observed. Basically, these findings showed a significant deviation in genotype frequency of SNP BsmI from that of the VDR gene, which was determined by a high bb genotype frequency in the H. pylori-positive group colonized by a virulent-type CagA/VacAs1m1 strain. Evidence of an elevated frequency of the BsmI SNP bb in patients with gastritis, compared with that observed in patients carrying other genotypes (BB/Bb), suggests that this can be another additive factor in the interaction with H. pylori virulent strains, which encodes the CagA protein, conferring a higher risk for gastric cancer. 25, 26 In general,
CagA shows the ability to bind several kinds of vital proteins, causing dysregulation of multiple classic signaling pathways by complex molecular mechanisms, especially target genes transcribed to promote tumorigenesis, 26 with the possible involvement of VDR expression.
It is a fact that immune modulator properties of the active vitamin D are at least partially mediated by VDR, 27 since the vitamin D metabolites are involved in antimicrobial activity induction and they also have anti-inflammatory effects, 28, 29 thereby inhibiting the Th1/Th17 immune response. 30 Another relevant aspect is that H. pylori virulent strains can induce higher inflammatory reactions in the gastric mucosa. Previous studies have reported that virulent strains increased the secretion of proinflammatory cytokines that are chemotactic for neutrophils and mononuclear cells, resulting in intense infiltration of these immune cells. Therefore, they are related to more severe pathologies such as ulcer and gastric cancer. 31, 32 It is worth mentioning that in the present study, H. pylori infection diagnosed via molecular PCR showed 58% prevalence in patients with chronic gastritis. Similarly, a predominance of virulent type I (CagA+/s1m1) strains that reached 73% in the infected group was verified. Vinagre et al 33 also reported similar findings using data from the same population.
During infection, H. pylori can persist for long periods in the mucosa, because it can neutralize gastric acid through strong activity of its urease enzymes, which hydrolyze urea and produce a large amount of ammonia and carbon dioxide that increase gastric pH 34 and the enzyme g-glutamyl transpeptidase, which supports its growth and survival in the gastric mucosa. 35 It has been observed that both mechanisms can be inhibited by vitamin D administration. 
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Particularly notable was the reduced neutrophil activity in the gastric mucosa observed among the patients infected by virulent strains of H. pylori and carrying the bb genotype, allowing bacterial development and persistent colonization of the stomach. This probably reflects the immunosuppressive role of vitamin D on the inhibition of neutrophil chemotaxis and host inflammatory response induced by CagA-positive H. pylori, suggesting that the BsmI polymorphism may be a marker of the cellular effect of vitamin D. These findings are consistent with the results reported by Guo et al, 4 who observed a significant positive correlation between the chronic inflammation score, VDR mRNA expression and cathelicidin levels in H. pylori-infected patients.
It has been detected that expression of the cathelicidinpeptide antimicrobial complex, 37 the product that is enzymatically cleaved by proteinase 3 to produce the antimicrobial agent cathelicidin (LL37), 38 is more abundant in neutrophils and epithelial cells. 39, 40 The bactericidal activity of cathelicidin is mediated by its ability to bind to phosphatidylglycerol monolayer and disrupt the bacterial cell wall. 41 The antibacterial activity of vitamin D 3 and its metabolites was investigated recently in H. pylori cultures. In that experiment, the authors noticed that intact forms of 25-hydroxyvitamin D 3 and 1a,25-dihydroxyvitamin D 3 significantly inhibited the H. pylori proliferation in vitro. 42 In this sense, our results showed an elevated frequency of the BsmI SNP BB/Bb genotypes in patients infected by CagA-negative H. pylori, supporting the hypothesis that there are VDR gene variants associated with different types of immunomodulatory effects. Furthermore, the BsmI B allele was reported to be significantly associated with the reduced risk of many types of cancer in a previous meta-analysis. 43, 44 Therefore, it is intriguing to speculate on the reason for the increased susceptibility to gastric risk presented by individuals infected by CagA-positive H. pylori and therefore having a less active VDR.
On the other hand, it is not clear whether the BsmI polymorphism has an effect on the expression level and activity of the translated VDR protein. 45, 46 In addition, there is controversy in the genetic association studies concerning the role of VDR polymorphism in diseases that can be assigned due to variation in LD patterns in different ethnic groups. 12 These divergences strengthen the need to characterize the immunogenetic profile of patients carrying a set of variants that influence their genetic predisposition to H. pylori infection. In this respect, it is appropriate to evaluate the allelic and genotypic frequencies of VDR polymorphism in different ethnic groups, mainly because the population of Belém has a mixed racial origin and presents with a high prevalence of H. pylori infection. Thus, the F-statistics values revealed significant differences in the allele frequencies of VDR SNPs between the population studied and other ethnic groups reported in the literature. 15 These differences might be the result of the mix of different racial groups, given that the population of Belém is highly distinctive in terms of genetic origin. 47 On the other hand, it must be emphasized that infectious diseases, such as H. pylori infection, result from a complex interaction between genes and environmental and social factors. These interactions are crucial for the evolutionary processes and genetic composition of a population, which probably contributed (together with the ethnic influences) to the variation in the allelic frequencies observed in the study population.
In view of the reported results, there are some limitations, which should be considered with respect to the possible effects of population substructure, which can result in false-positive associations. The other critical point is that moderate sample sizes affect statistical power, making it difficult to evaluate the haplotypic interactions in a H. pylori infection. Contradictory data in genetic association studies might also be owing to differences in environmental exposure risk patterns and the combination of susceptibility variants, as previously reported. 48 Thus, considering such limitations, a careful approach must be adopted in the interpretation of these findings, and more extensive investigations at the molecular level should be conducted to elucidate the relationship between VDR gene polymorphisms and pathogenesis of H. pylori infection, mainly because of the absence of data on this subject, making it impossible to perform a comparative analysis. Independent studies must be conducted to validate the relationship between VDR gene polymorphisms and the pathogenesis of H. pylori infection.
Conclusion
We identified a possible association between the BsmI polymorphism and infection by H. pylori. However, further research is required to clarify this relationship.
